Numerous investigations have been reported on the embryonic development of the human cranium and on the sequential appearance, number, and location of primary ossification centers in component bones of the facial skeleton. '-6 In general, these studies were exclusively qualitative and non-metric in content. Relatively few attempts, however, have been made to measure the changes in size, form, and proportionality of the upper facial region during human development. 7-1i The purpose of the present study is to describe the patterns of growth in the craniofacial region during the second trimester of prenatal development. For this purpose a series of linear and angular analyses of the cranial base, nasal septum, and palate have been used. In addition to describing patterns of prenatal nasomaxillary growth, the findings of this study were correlated, whenever possible, with reported studies of craniofacial growth during the neonatal and early childhood periods. Consequently, the analyses used herein were adapted from cephalometric growth analyses currently recognized in orthodontics (Krogman and Sassouni).12 Furthermore, this study was founded on the concept that growth of the human body and, more specifically, the craniofacial region is a dynamic biological continuum that begins in embryonic development and continues through senility.
Materials and Methods A series of 24 human fetuses ranging in size from 70 through 227 mm. crown-rump length (CRL) were analyzed. Chronologically, this sample represented the 12th through the 24th weeks or the 2d trimester of prenatal development. Only specimens free from gross cephalic deformations and fixed in 10 per cent neutral formalin were used.
Each head was removed from the body and sectioned parasagittally, immediately lateral to the nasal septum, in order to demonstrate the mid-line anatomical relationships of the cranial base, nasal septum, and palate. The anatomy exposed by this procedure was strikingly similar to that observed in lateral roentgen cephalograms. The specimens were analyzed indirectly through photographic recordings. In each photograph a plastic metric rule was placed routinely on the specimen in the plane of the nasal septum. In order to facilitate tracings, measurements, and statistical analyses, photographic prints were enlarged six times the actual size of the specimen.
From each enlarged photograph, outlines of the following regions were traced on 0.002 inch frosted acetate film: (1) sella turcica, (2) the pre-and postsellar segments of the cranial base, (3) the hard and soft palates, (4) the nasal septum, and (5) crista galli.
DEFINITION OF CEPHALOMETRIC LAND-

MARKS
The following landmarks were located on each tracing ( Fig. 1 found that the anterior cranial base routinely contributed more than half of the total base length, i.e., 54 per cent at 70 mm. CRL, 60 per cent at 227 mm. CRL.
No significant correlation was found between increasing crown-rump length and the angular relationship between the anterior and posterior segments of the cranial base (Fig. 3) . Table 2 shows that the cranial base angle, N-S-Ba, was characterized by a regression line which was parallel to the abscissa as constructed by the formula N-S- In order to study the possible changes in the basic shape of the nasal septum, the septal region was circumscribed by (1) the line N-S superiorly, (2) the line ANS-PNS inferiorly, (3) the line N-SP antero-superiorly and posteriorly, and (4) by a perpendicular line constructed from PNS, which extends between the lines N-S and ANS-PNS. Any significant changes in the angular relationships of these boundary lines with one another were taken as changes in the basic configuration of the nasal septum.
In the fetuses studied it was found that the angular relationships between the anterior cranial base and the palatal plane, as well as the angle between the anterior cranial base and the line N-SP, did not correlate significantly with increases in crownrump length from 70 mm. to 227 mm. (Table  2 , Fig. 6 ). The former relationship had an r-value of -0.031, whereas the latter angular relationship with crown-rump length had a correlation coefficient of r = 0.217. Although the basic form of the septum based on the above angular relationships appeared relatively stable, the septum did increase in absolute size. This increased size was substantiated by (1) increased lengths of the anterior cranial base and palatal plane and (2) by a significant correlation (r = 0.812, 0.01 level) between increasing septal area and increasing crown-rump length.
PALATE. The hard and soft palates increased in length at a rate which was significantlv correlated with increasing crownrump length ( Although the similarity of the results from cephalometric analyses, the quantitative observations in the present fetal study, and the above-mentioned postnatal investigations support the concept of a developmental continuity in the patterns of preand postnatal facial growth, this conception must be regarded as tentative until analyses of third trimester fetuses are completed. In spite of the present void in third-trimester facial-growth data, a review of general prenatal growth curves makes this suggestion of direct continuity between pre-and postnatal facial-growth patterns a reasonable effort. During prenatal development body growth is characterized by a sigmoid curve which indicates a slow rate of absolute linear growth in the embryonic period followed bv a period of rapid incremental growth in the second trimester and thereafter a slow decline or plateauing (Toldt, 16 Mall,17 Zangemeister,18 Streeter19). The author's preliminary observations of third trimester fetuses lend support to this sigmoid growth curve in prenatal development in which the fetus undergoes its greatest growth changes in the second trimester. On the basis of this evidence, one may infer that the similarity of second trimester facialgrowth patterns and those of the neonatal period is likely and merits further discussion.
In addition to the apparent stability of J. dent. Res. January-February 1965 the geometric form of the fetal upper face, cross-sectional mean data also indicate other distinct patterns of craniofacial growth relative to the cranial base, nasal septum, and palate. First, sagittal growth of each of these contiguous areas of the upper face demonstrates a significant relationship with increasing crown-rump length of the fetus. Thus incremental growth in length occurs concomitantly with increases in body stature. Second, the directional growth of the upper face, as indicated by the spatial behavior of the palatal plane, shows a forward and downward vector relative to the anterior cranial base and the landmark sella.
The distinct growth patterns of each of the component areas of the upper face are as interesting as the general growth trends discussed above. Observations on the relative growth rates of the presellar and postsellar segments of the cranial base agree with previous workers who found that the anterior part of the cranial base grew at a greater rate than did the posterior cranial base in their antero-posterior dimension. The anterior cranial base characteristically represents approximately 61 per cent of the total length of the base. As one registers on the reference landmark sella, it becomes apparent that the anterior cranial base is growing forward and upward, whereas the posterior base is growing backward and downward. As these two base segments are increasing in absolute length, the angular relationship of the anterior and posterior cranial base segments, as one might suspect from the earlier discussion on general angular stability, does not show significant changes in value with increases in crownrump length.
The distinctly human feature of cranial base flexure is perhaps the most frequently studied characteristic of the basal region of the skull. The angulation of the cranial base has received numerous phylogenetic and ontogenetic explanations. Since a thorough discussion of the phylogenetic behavior of the cranial base angle is beyond the scope of the present paper, the reader is referred to several stimulating and unsettled accounts of basal flexure which appear in the literature.20 24 Ontogenetically, cross-sectional data reveal no significant changes in the nasion-sella-basion angle from the first year of life through late adolescence. 25 10 weeks to term-a finding which could not be confirmed by this author.
It is interesting to speculate on the relation between the component tissues of the cranial base and the growth curves depicting antero-posterior growth. The growth curve is seemingly unchanged by the sequential development of the cranial base from an early basal layer of dense embryonic mesenchyme beneath the developing brain to a preponderance of cartilage extending as a bar from the occipital area anteriorly to the ethmonasal region, and, finally, to a chondro-osseous complex. It is during this latter stage that there is a progressive encroachment of bone into the previously singular mass of cartilage.30 It appears that the character of the growth curve seen at the beginning of the fetal period when cartilage prevailed in the cranial base continues seemingly unaffected as the tissue composition of the cranial base is in developmental flux from cartilage to bone. One may further speculate that the growth curve is dependent on growth of cartilage regardless of whether it is in the form of an elongated bar or in the form of synchondroses later in the fetal period.
The distinct difference in the linear and angular growth pattern described for the cranial base also characterized the growth changes of the palate or nasal floor. Spatial behavior of the anterior and posterior nasal spines was a primary indicator of palatal growth. A composite profile of the fetal upper face clearly showed that these two landmarks migrated forward and downward as the distance between the nasal spines increased. As a corollary to this sagittal growth pattern, the hard palate or nasal floor descended anteriorly in a parallel manner so that a constant angular relationship with the anterior cranial base was maintained. This constant angular relationship between the anterior cranial base and nasal floor during the second trimester in utero was strikingly similar to findings of crosssectional and longitudinal studies of the same relationship from birth through adolescence.""-15, 31, 32 The hard and soft palates did not contribute equally to the total length of the palate. The soft palate comprised approximately one-third of the total palatal length, and this proportionality did not change during the second trimester. This distinct growth differential may be significant in normal palatopharyngeal closure or competence. Since the soft palate is attached to the posterior nasal spine, it is carried forward with the movement of the hard palate. However, Calnan3" has shown that palatopharyngeal competency depends, in part, on the length and ability of the soft palate to contact the pharyngeal mucosa. Furthermore, the soft palate must also maintain its muscular attachments and functional relationships with the lateral walls of the oropharynx. This being the case, it is suggested that there is a compensatory posterior growth of the soft palate to aid in palatopharyngeal competence. This suggested compensatory growth of the soft palate possibly continues up to the end of the first year, after which growth of the posterior nasal spine is no longer forward and downward but primarily in one vector-downward. 3, 14 Our final consideration of the fetal upper face involves the sagittal growth of the nasal septum. On the basis that a constant angular relationship was found between the anterior cranial base and the nasal floor, it was not unexpected to find that the posterior region of the septum grew greatest in length and least in height. In other words, a postero-anterior gradient characterized the mean growth rates involving septal length. Conversely, changes in septal height excluding the vestibular septum were greater anteriorly than in the posterior region, i.e., an antero-posterior gradient.
Although the present study clearly shows a parallelism between the forward and downward growth of the cartilaginous nasal septum and hard palate, recognition of the nasal septum as the causal agent in the forward and downward growth of the upper face is beyond the scope of this study. It is Vol. 44, No. I interesting, however, to relate the growth pattern of the septum to reported hypotheses of prenatal facial growth. In a phylogenetic treatment of the human face, Gregory34 has suggested that since the nasal septum is "firmly anchored" to the mid-line region of the maxilla, as the maxilla moves downward and forward, it carries with it the nasal septum. In this situation one could consider the growth of the septum as a compensatory mechanism which maintains the spatial continuity between the cranial base and hard palate. Schultz,35 on the other hand, subjectively has described the fetal nasal septum as growing downward and forward, increasing the depth of the nasal fossae. Scott3l37 re-emphasized the possible role of the nasal septum as a primary effector of fetal development. Until the third year of life spatial changes in the upper face are regulated predominately by the downward and forward growth or "thrust" of the nasal septum. This possible role of the nasal septum is most interesting and might very well be correct. However, further study of the septum, cephalometrically and histologically, is needed.
Finally, the present fetal-growth study describes the growth behavior of the nasal profile which until now has not been quantitatively analyzed, although subjectively described by several investigators. Schultz38' 3 and Patten30 have observed that the profile of the external nose becomes evident as an indentation between the antero-superior slope of the external nose and prominent forehead as early as the third month in utero and appears to remain relatively unchanged throughout fetal life. Cross-sectional data of this study indicate that the frontonasal angle (S-N-SP), designed to 
